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Abstract 

We have investigated the magnetic and elec- 
trical resistance behaviour of Cas-xY^LiRuOg- 
The parent compound exhibits magnetic order- 
ing from Ru sublattice at a rather high temper- 
ature, 113 K. Though the paramagnetic Curie 
temperature (6 P ) is negative indicative of anti- 
ferromagnetic ordering, the large magnitude (- 
250 K) of Op reveals complex nature of the mag- 
netism in this compound. Ru ions appear to 
be in the pentavalent state. We note that the 
Neel temperature undergoes only a marginal re- 
duction by Y substitution. All these composi- 
tions are found to be insulators and thus the 
electron doping does not result in metallicity. 
Thus the overall magnetic and transport be- 
haviour are found to be essentially insensitive 
to Y substitution for Ca, a finding which may 
favour the idea of quasi-one-dimensional mag- 
netism in these compounds. 
Keywords: A. Magnetically ordered materi- 
als; A. insulators; D. Electronic transport 

I. INTRODUCTION 

There is a considerable interest in the cur- 
rent literature in identifying Ru-based mag- 
netic and/or superconducting oxides. The 
magnetism in a Ru-based material for the 
first time was reported nearly forty years 
ago, namely, in SrRuOs exhibiting ferromag- 
netism below (Tc=) 160 K [1]. Subsequently 
there has been very little work in this di- 
rection until the discovery [2] of supercon- 
ductivity at (T c =) 1.5 K in Sr 2 Ru04, which 



turned out to be the first superconductor 
not containing Cu with the same structure 
as by-now-well-known K2NiF4-related high- 
T c oxides; this work naturally rekindled the 
interest on Ru-based oxides. The investi- 
gations in recent years led to the discov- 
ery of the following Ru based materials with 
the magnetism arising from Ru: Sr 4 Ru30io, 
T c = 148 K [3]; Sr 3 Ru 2 7 , T c = 104 K [4], 
Eu(Gd)Sr 2 RuCu 2 8 , T N = 168 (185)K [5], 
YSr 2 Ru0 6 , T N = 26 K [7], and A 3 A'Ru0 6 
(A= Ca, Sr; A'= Li, Na), T N = 70-120 K 
[8]. While the ferromagnets of this class 
are generally metallic, the antiferromagnets 
are found to be insulators. However, there 
is no distinct evidence for high-T c super- 
conductivity (from Ru d band) in any Ru- 
based oxides. At this point, it is worth not- 
ing that superconductivity could be induced 
in the temperature (T) range 30-50 K by 
small Cu doping in the antiferromagnetic in- 
sulator, YSr 2 Ru06, and in fact superconduc- 
tivity and magnetism seem to compete in 
such substituted oxides [7]; however, consid- 
ering that Cu doping is essential for super- 
conductivity, one is not sure whether this 
phenomenon arises from Ru. Also, the com- 
pounds, Ri.4Ceo.6RuSr 2 Cu 2 Oio (R= Eu and 
Gd) are found to be superconducting below 
about 40 K arising from Cu layers, whereas 
Ru exhibits magnetic ordering below about 
180 K [6]. Thus, one may conclude that 
there is no clearcut evidence for high-T c in 
Ru oxides not containing Cu and that there 
is an upsurge of activity in identifying novel 
Ru based oxides. In this context, we re- 
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port here the results of magnetization (M) 
and electrical resistivity (p) on a compound, 
Ca 3 LiRu0 4 [8] , hitherto not extensively stud- 
ied in the literature; we have also probed 
the influence of partial Y substitution for Ca 
on its properties in order to explore whether 
metallicity (and possibly superconductivity) 
could be induced by electron doping, consid- 
ering that such doping effects have profound 
influnce on the properties of many other ox- 
ides, e.g., by now well-known, cuprates and 
manganates. 

The compound under investigation has 
been synthesized and reported to adopt 
K 4 CdCl 6 -type rhombohedral structure [8]. 
The crystallographic details can be found in 
Ref. 7. The structure consists of infinite 
chains of alternating face-sharing LiOg trigo- 
nal prisms and Ru0 6 octahedra (antitrigonal 
prisms), which are separated by Ca ions. 

II. EXPERIMENTAL 

The compounds have been prepared by 
solid state method as described by Dar- 
riet et al [8]. To start with, CaRu0 3 was 
prepared by heating in air of appropriate 
amounts of high purity CaC0 3 (Leico Indus- 
tries, 99.995%) and Ru0 2 (Cerac, 99.9%) at 
750 °C for 24 hours and then for 8 days at 
1100 °C in air. The samples were then pre- 
pared by reaction of CaRu0 3 , Li 2 C0 3 (Koch 
Chemicals, 99.999 %) and Y 2 3 (Johnson- 
Matthey, 99.9%) at 550 °C for 24 hours, 
at 800 °C for 24 hours and at 950 °C for 
two weeks with intermediate grindings. All 
the preparations were carried out under a 
flow of oxygen. The samples were sub- 
sequently characterized by x-ray diffraction 
(Cu K a ) and scanning electron microscope. 
The magnetization measurements were per- 
formed by a commercial (Quantum Design) 
Superconducting Quantum Interference De- 
vice (SQUID) Magnetometer in the T in- 
terval 5 - 300 K. We have obtained the 



magnetization data for all the compositions 
in different ways (isothermal magnetization 
(M), T-dependence of magnetic susceptibil- 
ity (x) at different magnetic fields (H), field- 
cooled (FC) and zero-field-cooled (ZFC) \ 
behaviour) and we show only those data 
which are relevant to highlight the main find- 
ings. The temperature (T= 77-300 K)) de- 
pendent electrical resistivity (p) behaviour 
was probed by a conventional four-probe 
method, employing silver paint to make elec- 
trical contacts. 

III. RESULTS AND DISCUSSION 

The results of x-ray diffraction measure- 
ments are shown in Fig. 1. The diffraction 
pattern for the parent compound could be in- 
dexed on the basis of K 4 CdCl6-type structure 
except perhaps for the presence of few very 
weak unidentified lines (<5%); the diffraction 
pattern seen by us is identical to the one re- 
ported by Darriet et al [8] and the lattice con- 
stants (a= 9.221 Aand c= 10.798 A) are also 
in agreement with their report. A piece of 
the parent compound was subjected to the 
950 °C (24 hrs) heat treatment in air and 
brought to room temperature by quenching 
and this heat treatment apparently resulted 
in purer sample, as indicated by the disap- 
pearance of the weak extra line (marked by 
asterisk in Fig. 1). The Y substituted sam- 
ples also are characterized by the same x-ray 
diffraction pattern as that of that of the par- 
ent compound, though few, weak additional 
lines start appearing in the range 20 = 30 to 
40 degrees, the origin of which is at present 
unclear. The x-dependence of unit-cell vol- 
ume clearly reveals that there is a contraction 
of the unit-cell (along c-direction, see Fig. 
1) with Y substitution, expected for replace- 
ment of (bigger) Ca ions. The homogeniety of 
the samples were further checked by scanning 
electron spectroscopy and we do not find evi- 
dence for segregation of any other phase. The 
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energy dispersive x-ray analysis in addition 
established that the proportion of the metal- 
lic elements are in good agreement with the 
starting compositions and uniform through- 
out the sample. We therefore conclude that 
the properties reported here are characteris- 
tic of the pure phases. 

In figure 2a we show the T dependent x 
behavior recorded in the presence of a field 
of 2 kOe for the ZFC as well as FC state of a 
specimen of the parent compound. It is dis- 
tinctly clear that there is a sharp rise at 113 
K as T is lowered with a peak at about 107 K 
for the ZFC state, however without any such 
peak for FC state; thus ZFC-FC curves de- 
viate below 113 K in perfect agreement with 
the experimental observations of Darriet et 
al [8]. This observation establishes that we 
have prepared a sample with the same mag- 
netic characteristics as those of these authors. 
Thus, these data provide evidence for the fact 
that there is a magnetic ordering setting in 
below (Tjv=) 113 K in this compound. In 
order to see how T^r is influenced by Y sub- 
stitution, we have recorded the FC data very 
carefully in a field of 100 Oe and the data 
(see Fig. 2b) suggest that the value of Ttv 
undergoes only a marginal reduction with in- 
creasing x (108 and 106 K for x= 0.5 and 1.0 
respectively). With respect to x behaviour 
in the paramagnetic state, the plot of in- 
verse x versus T is found to be linear in the 
range 160-300 K (see Fig. 3) and the value 
of the effective moment (p e ff) and paramag- 
netic Curie temperature (9 P ) obtained from 
the region 150-300 K are nearly independent 
of x (3.96, 3.65 and 3.77 [i B and -250, -180 
and -207 K for x= 0.0, 0.5 and 1.0 respec- 
tively). It may be noted that the value of 
fi e ff is indicative of pentavalent state of Ru 
ion, assuming spin-only contribution to mag- 
netic moment. It is important to note that 
the sign of 6 P is negative, which suggests that 
the exchange interaction is of an antiferro- 
magnetic type. However, the value of T^r is 



far below the magnitude of 8 P , which may in- 
dicate complex nature of the magnetism of 
this compound. In order to get better in- 
sight on the nature of magnetic ordering, we 
have also performed isothermal M measure- 
ments at various temperatures for the ZFC 
state of the samples at many temperatures 
and typical behaviour are shown in Fig. 4. It 
is obvious that, at 120 K, M varies linearly 
with H as expected for a paramagnetic state; 
for T<100 K, M is a non-linear function of 
H for initial applications of H (below about 
20 kOe), however undergoing linear variation 
for higher values of H, without any indication 
for saturation. This behaviour of M estab- 
lishes that these compounds are better clas- 
sified as antiferromagnets, though we observe 
some hysteresis loops as shown in the inset of 
Fig. 4, for instance for x= 0.0 and 0.5. 

Thus, all these results establish that the 
magnetism of Ru ions is fairly insensitive to 

Y substitution at the Ca site. Thus mag- 
netic Ru chains are decoupled by intervening 
Ca ions. This finding may support the idea 
of quasi-one-dimensional behaviour of mag- 
netism in this compound, a question of de- 
bate in this class of compounds [8]. 

We now present the results of p mea- 
surements (Fig. 5). It is obvious that the 

Y substituted compounds remain insulating 
like the parent compound, exhibiting acti- 
vated behaviour with the activation energy 
marginally decreasing by about 10 meV by Y 
substitution (for both x= 0.5 and 1.0) from 
90 meV for x= 0.0. Interestingly, the p of 
quenched specimen of the parent compound 
is significantly lower and the activation en- 
ergy is also considerably reduced to 1.5 meV 
(Fig. 6). 

IV. CONCLUSIONS 

To conclude, the magnetic and elec- 
trical transport behaviour of the oxides 
Cag^Y^LiRuOe (x= 0.0, 0.5 and 1.0) have 
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been investigated. These are one of the very 
few Ru-based oxides exhibiting magnetic or- 
dering at rather high temperatures, presum- 
ably of a complex type. The carrier dop- 
ing induced by Y substitution for Ca appar- 
ently does not bring about any significant 
change in the magnetic and transport be- 
haviour of the parent compound. On the 
basis of the present results, we infer that 
the Ru-magnetism could be of quasi-one- 
dimensional character. Finally, we would like 
to point out an observation in the low-field 
magnetization data for the ZFC-state of the 
specimen (see Fig. 4): In the magnetically 
ordered state, below about 400 Oe, the sign 
of M is negative (which is however positive for 
the FC specimen). Though a possible source 
of this negative M could be that the speci- 
men may not be in true ZFC state due to a 
small negative remanent field in the SQUID 
magnetometer we employed, this view can 
be challenged by the observation that the 
data at 120 K (in the paramagnetic state) 
do not show negative M at low fields. Alter- 
natively, the magnetic moments (below T N ) 
in the ZFC state may have got locked in the 
direction of the negative remanence field re- 
quiring larger applications of H in the posi- 
tive direction to reorient them. More work 
is required to understand this aspect of these 
compounds. 
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FIGURES 



FIG. 1. The x-ray diffraction patterns (Cu 
K Q ) of the oxides, Caa.^Y^LiRuOe (x= 0.0, 0.5 
and 1.0) 

FIG. 2. (a) Magnetic suscptibility (%) clS Si 
function of temperature for CasLiRuOe mea- 
sured in the presence of a magnetic field of 2 
kOe for ZFC and FC conditions of the speci- 
men, (b) x as a function of T for field-cooled 
state of Cas-^Y^LiRuOe (x= 0.0, 0.5 and 1.0) 
oxides (H= 100 Oe). The lines drawn through 
the data points serve as guides to the eyes. 

FIG. 3. The tempera- 

ture dependence of inverse x (H= 2 kOe)for the 
oxides Ca3_a;Y x LiRu06 (x= 0.0, 0.5 and 1.0) in 
the paramagnetic state. A straight line is drawn 
through the linear region. 

FIG. 4. Isothermal magnetization at se- 
lected temperatures for Ca3_a;Y x LiRu06 (x= 
0.0, 0.5 and 1.0) for the zero-field-cooled state 
of the specimens; typical low temperature hys- 
teresis loops are shown for two compositions as 
insets. The lines drawn through the data points 
serve as guides to the eyes. 

FIG. 5. The electrical resistance (p) 
function of temperature for the oxides 
Ca 3 _ :E Y :E LiRu0 6 (x= 0.0, 0.5 and 1.0). 

FIG. 6. The plot of Inp versus inverse T 
for the oxides Ca3_ x Y x LiRu06 (x= 0.0, 0.5 and 
1.0.) 
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